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SUMMARY 

A wind-tunnel  investigation has been made t o  determine the low- 
speed  1ongitudinal.and lateral control characteristics of EL model with 
a triangulax wing having NACA 65(06)-006.5 a i r fo i l   s ec t ions  and aspect 
r a t i o  2.31 and equipped w i t h  constant-chord control surfaces. 

The resul ts   indicate   that   the   hinge moments of such a model are af 
somewhat la rger  magnitude than would be expected f o r  unswept wings of 
comparable aspect   ra t io .  maif ications t o  the"plan form of the  control' 
surface near the wing t i p s - b a d  a r a the r   c r i t l ca l   e f f ec t  on the hinge- 
moment parameters  but had a smaller  effect  on the  control  effectiveness. 
Addition-of the fuselage  to  the w i n g  tended to  increase  both  the  effec- 
tiveness and the  hinge moments of the  control  surfaces. The hinge- 
moment parameters were approximately  the same whether the control sur- 
faces were deflected symmetrically o r  asymmetrically. 

Small effects were obtafned by s e a l i n g  the gap at the nose of the 
control  surface, ming t r a n s i t i o n   s t r i p s  a t  the w i n g  leading edge, o r  
vary- the Reynolds number over a. limited range. 

INTRODUCTION 

Low-aspect-ratio w i n g s  of triangular plan form have been  proposed 
in  reference I and  elsewhere as aerodynamically and structurally su i t -  
able for high-speed f l i g h t .  One means of cont ro l   for  such wings has 
been supp led  by some type of trailing-edge  control  surface.  Theoretical 
analyses of the  character is t ics  of such control  surfaces at supersonic 
speeds are given in   re fe rences  2 and 3.  . No su i tab le  theory is available 



for subsonic  speeds, although some experimental  results 011 the hinge- 
moments and effectiveness of constant-chord  trailing-edge  controls on a 
triangular wing of a.spect r a t i o  2 are given h. reference 4 for  ?-percent- 
thick, double-wedge a i r fo i l   sec t ions  and in  reference 5. f o r  modified .. 

NACA 0005 a i r fo i l   s ec t ions .  Some addftional data on the  effectiveness- 
of such  controls on triangular wings are  given  in  reference 6 f o r  a 
wing of aspect  ratio  2.31kaving  10-percent-thick  bkonvex  kirfoli  
sections, and in  reference 7 fo r  a w i n g  of aspect   ra t io  2 having 
5-percent-thick double-wedge a i r fo i l   s ec t ions  and equipped  with split 
f laps .  

The present  investigation was conducted in order t o  extend  the 
available  information on the factors  contributing  to  the lDw-speed 
control  characterist ics of tr iangular wings. The investigation  included 
determination of the effec ts  on the  longitudinal and l a t e r a l  control 
character is t ics  of adding a fuselage and v e r t i c a l   t a i l  to a wing, 
modifying the plan form of the  control  surfaces  near  the w i n g  t ips ,  
adding t ransi t ion  s t r ips ,   varying  the Reynolds number over a limited 
range, and s e a l i n g  the gap at the nose of the control surface. 

The data presented  herein  are In the form of standard NACA coeffi-  
c ients  of forces and moments which are referred t o  t he   s t ab i l i t y  system 
of axes with the o r i g i n   a t  the quarter-chord  point  of  the mean aero-  
dynamic chord. The posi t ive  direct ion of forces, moments, and angular 
displacements are shown in figure 1. The coefficients and symbols a re  
defined 3s follows: 

CL l i f t  coefficient (L/QS) 

CX longitudinal-force  coefficient (X/@); Cx = -CD at $ = Oo 

CY lateral-force  coeffi .cient (Y/qS) 

C l  rolling-moment coefficient (L'/qSb) 

c, pitching-moment coefficient (M/qSE) ' 

Cn yawing-moment coefficient (N/qSb) 

ch h h g e  -moment coefficient (rr/sbeEe2) 

L lift, pounds 

X longitudinal  force, pounds 

L 

c 

L 



NACA RM L50G17 3 .  
I *  
a 

Y lateral force due to   def lect ion of right  control  surface 
b -  (elevon) relative t o  the trim deflection Getrh, pounds 

L '  r o l l i ng  moment due to   def lec t ion  of right control  surface 
(elevon)   re la t ive  to  trim def lec t ion  Getrfm, foot-pounds 

M pftching moment, foot-pounds 

N -yawing moment due t o   de f l ec t ion  of right control  surface 
(elevon) rehtive t o  tpim deflect ion 8et.h.r foot-pounds 

E hinge moment , f 00 t -pounds 
A aspec t   ra t io  (b2/S) 

b span, f e e t  

S wing area, square feet 

C chord parallel to plane of symmetry, feet 

- 
C mean aerodynamic  chord,  feet. (E c2dy) - 

.- 8 be elevon span measured along t r a i l i n g  edge, feet 
- ce root-mean-square  chord  of elevon  aft  of hinge line, feet .- . 
R Reynolds number (F ) 

P mass density of air, slugs per. cubic  foot 

v 4  free-stream  velocity,  feet per second 

1 

P coeff ic ient  of viscosi ty  of air, slugs per foot-second 

a angle of attack measured in  plane of symmetry, degrees 

6e def lect ion of control  surface  (elevon) from wing-chord line, 
degrees 

6eR 
deflection of right control  surface  (elevon) from  wing-chord 
line, degree's 
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Getrim symmetrical deflection of both  control  surfaces  (elevons), 
degree 6 

. .  

*LF: angle of .sweepback of wing leading edge,  degrees 

Ac/4  w e  of swee;eback of w i n g  quarter-chord line, degrees 

&In cma = 

a h  
c@ = 8s 

CLg 
ag = - 

. 
. ",. ." . 

- . . . . . .  - . .  .... 

" 

APPARATUS, MODEL, AM) TESTS 

The tests were made in the 6- by 6-foot t es t   sec t ion  of the Langley 
s tabi l i ty   tunnel .  The model was mounted on a conventional six-conrponent 
balance  qistem with the pivot  point  located at the quarter-chord  point 
of the mean aerodynamic chord. 

" 

" . - 

.. 

All of the component parts of the model were constructed of lami- 
nated mahogany and were given highly polished surfaces. The principal 
dimgnsians of the model are given in figure 2 and table I. The w i n g  .. 

tested was the same wing used in the investigation reported in refer- 
ence 8 w i t h  modifications to grovide for constant-chord partial-span f 

control  surfaces. The w i n g  had a 60°-sweptback leading edge, an aspect . 
I 
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r a t i o  of 2.31,  and a basic 65(06)-W6.5 a i r f o i l   s e c t i o n  parallel t o  the 

edge to   the   po in t  of  tangency  with  the  70-percent-chord  point. The 
result ing  trail ing-edge w e  was 8'. The fuselage w a s  of c i rcu lar  
cross  section and had a fineness  ratio  of 7-02. The v e r t i c a l  tail had 
8 60°-sweptback leading edge, a f la t -p la te   p rof i le   wi th  rounded lead- 
ePge and  beveled t r a i l i n g  edge, and an aspect r a t i o  of.1.15. The - 

constant-chord  trafling-edge  control.surfeces  (elevons) w e r e  used for ' 

both  longitudinal and la te ra l   cont ro l .  The elevons were constructed so 
that they  could be deflected  skultaneously  or  independently over an 
elevon-deflection  range of +25O. Either  the  horn b-ce or  the t i p  
could  be removed from the elevons and attached  to the wing without 
changing the wing plan form. H i n g e  moments were measured  by two st ra in-  
gage units ins ta l led  in the right elevon. The elevons hati a radius nose. 
For most of t he  tests a small gap (equal t o  -0.031 inch) w a s  l e f t  open 
at the nose of the elevon; however, the  effect  of closfng t h i s  gap by 
means of a grease seal was determined f o r  one of the model . 

conf i gurat ions . 

. -  plane of  symmetry, modified t o  provide straight s ides  from the t r a i l i n g  

A photograph of the complete model with  the  hmn-on elevon con- 
f igurat ion is presented as figure 3.  

"he longitudinal-control  effectiveness and hinge-moment character- 
i s t i c s  were obtained from measurements of lift, pitching moment and 
hinge moment over an a-ngle-of-attack  range from about -bo t o  376 f o r  a 
range of qlevon deflections from -20' -to 20'. The la teral-control  

urements of l a te ra l   force ,  y a w i n g  moment, r o l l - b g  monent, and hinge 
moment throughout  the  angle-of-attack  range  with  the l e f t  elevon set a t  

For most of the  la teral-control  tests the   de f l ec t ion   6e t rh  w a s  Oo; 
however, t e s t s  of the complete model with  the horn-on elevon  configura- 
t i o n  were made with  values of  Getrim of both Oo and -10'. The e f f ec t  
of adding t r ans i t i on   s t r ip s  at the w i n g  leading edge w a s  determfned f o r  
the complete model wi th ' the  horn-on elevon  confYguration. The t rans i -  
t i o n   s t r i p s  were prepared by cementing No. 60 carborundum @j'ains t o  
Scotch  cellulose  tape 1/2 inch wide and agplying a t  the wing leading 
edge. The e f f ec t s  of var ia t ion   in  Reynolds m e r  from 1.62 x 10 6 t o  
2.62 x 10 were determined fo r  the complete model with  the  horn-on 
elevon  configuration. The Mach nmiber and corresponding  Reynolds 
nmibers are given in  table  11. 

4-  r effectiveness and hinge-moment charac te r i s t ics  were obtained f r o m  meas- 

-. EL fixed  deflection Getrim and the  right elevon  deflection 6eR varied. 

6 
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CORRECTIONS 

The angle of a t tack  and longitudinal  force have been  corrected  for 
the e f fec t  of jet  baundmies. A blocking  correction was applied  to the 
dynamic pressure by using  the method described i n  reference 9. No tare 
corrections have been appl ied  to   the da-t;a.;-however, from previous 
investigations,   these  corrections  are  believed  to be'small. The e f fec t  
of elevon  deflection- due t o  aerodynamic loading is  not  included i n  the 
data, b u t   s t a t i c   t e s t s  indFcate this correctfan would be very small. 

RESULTS AND DISCUSSION 

Presentation of Results 

In the  present  paper, data on the longitudinal and la te ra l   cont ro l  
. character is t ics  have been presented  separately  for convenience i n  

. . .   . . .  . . .  discussing  the  results. . .  - - " 

The data are  presented as indicated  in   the fouowing table:  

Figure6 

Basic data. . . . . . . . . . . . . . . . . . . . . . . . .  4 t o  Xl  
Longitudinal  characteristics: 

Effect of elevon  plan-form  modifications . . . . . . . . . . . .  12 
Effect of  Reynolds niiuiber and t r ans i t i on   s t r ip s  . . . . . .  13 t o  14 . . . . . . . . . . . . . . . . . . . .  15 E f f e c t  of elevon nose sea l  

. .  - .  . 

Lateral character is t ics :  
Basic. data . . . . . . . . . . . . . . . . . . . . . . . . . .  16 t o  20 
Effect of elevon plan-form modifications . . . . . . . . . . . .  21 
Effect  of.elevon-trim  deflection . . . . . . . . . . . . . . . .  22 

Some of the important  effectiveness and hinge-moment parameters a re  
presented  in table I1 t o  enable a more di rec t  comparison of resu l t s .  

' Longitudinal  Characteristics 

Basic data.- The resul ts   obtained  for   the w i n g  alone  (fig.  4) show 
that   the  effectiveness of the elevons in producing lift and pitching 
moment generally  decreased  at- large positive  elevon  deflections and at 
the high angles of attack. The i r r egu la r i t i e s  w h i c h  appear in   the l i f t  
and pitching-moment curves become  more severe  for  positive  elevon  deflec- 
t ion .   I r regular i t ies  of this type have been noted in  previous  investi-  
gations such as  those  reported  in  references 4, 6, and 7. 

1 
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The var3ation of hinge-moment coefficient  with  angle of attack is  
negative and approximately  linear below the  angle of attack  corre- 
sponding t o  the   in i t ia l   b reak  in  the pitching-moment  curve. The slopes 
of the hinge-moment curves  generally became increasingly  negat-ive as the 
angle of attack  is   increased beyond this   point .  For low and moderate 
angles of attack, the  divergence of the hinge-moment curves at elevon 
deflections greater than Ee = f l O o  shows a   nodinem  var ia t ion  of  
hinge-moment coefficient  with " elevon  deflection for large  deflections.  

The longitudinal-force  curves are smooth throughout the angle-of- 
a t tack  range, but the  variation of Cx with  angle of attack  increases 
quite  ragidly at low angles of a t tack when the  elevons we  def lec ted  t o  
increase  the lift. The longitudinal-force  curves are  presented  only 
f o r  the win@;-alone configuration,  but tunne l  plots  indicated that while 
addition of  the fuselage t o  the wing increased the minFmum value of Cx 
it did not change the  general  character of the  curves. 

A comparison of wlng-alone results with complete-rn6.el r e su l t s  
' (f igs.  4 and 5 )  shows khat adding  the  fuselage had little effec t  on the 
general  character of the lift, pitching-momnt, o r  hinge-moment curves, 
although  the maxfmum l i f t   c o e f f i c i e n t  decreased  (with  elevons  neutral, 
the maxim& lift coefficient  decreased from 1.22 t o  1.15). A similar 
ef fec t  of the  fuselage on the maximum lift coefficient i s  noted in 
reference 8. Adding the fuselage  increased te effectiveness parame- 
t e r s  C L ~  and - C a  and the h5nge -moment parameters % and C& 

A ' (table 11). 

Effect of elevon plan-form modifications.- The e f fec t  of elevon 
plan-form modifications on the complete model i s  shown i n   f i gu re  12. 
Removing the horn balance  increased C b  from -0.0075 t o  -0.0084 
and Chs from -0.0102 t o  -0.0108. Removing the  elevon t i p  reduced C k  

and C@ t o  -0.0040 and -0.0085, respectively. It appears therefore ' 

that the  elevon t i p  plan form has ra ther   l a rge   e f fec ts  on the  hinge- 
moment parameters,  although as shown i n  table II, the t i p s  had re la -  
t i ve ly  small  ef fec ts  on the  longitudinal  effectiveness  parameters C L ~  
and C q .  * 

The hinge-moment parameters  obtained f o r  the complete model with 
the  horn-off elevon configuration m i g h t  be compared with similar parame- 
ters  obtained f r m   t e s t s  of constant-chord  trailing-edge  control sur- 
faces on triangular wings of aspect r a t i o  2, such  as  those  reported in  
reference 4 for  5-percent-thick double-wedge airfoil sections and in 
reference 5 f o r  modified NACA 0005 & f o i l  section (modified t o  the 
extent that aft of the 67-perkent-chord  point  the'  sections were fa i red  
t o   t h e   t r a i l i n g  edge  by straight lines). The w i n g s  of aspect   ra t io  2 
were t e s t e d   a t h o u t  a fusehge,and were equipped  with full-span constant- 
chord control  surfaces having a  radius  nose, no aerodynamic balance, and 
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a ra t io  of control area t o .  wing F e a  of 0.20. The w i n g  of reference 4 
had a trailing-edge  .angle. of 3.6 and an open-nose gap (equal to 
0.37 percent of elevon chord); whereas the wing of reference 5 had a 
trailing-edge  angle of 5.70 and sealed nose gap. The t e s t s  of hoth .. -. - 

references- 4 and 5 weFe f~Kat a-Reynolds number- of approximately 
15 x lo6. The compari-son is  shown in- the  fallowing  table,  in which 
t h e  values  given f o r  the model of the  present  investigation are for the 
complete model Kith the horn-off  elevon  configuration: 

. ,  
.. "" "" "" .. . - - " - 

. .. . . 

Present Triangular wings, A = 2 
Parameter t r  iangular-wing . 

model, A . =  2.31 Reference 4 Reference 5 

-0.0084 -0.0082 -0.0068 

- .0108 - -013 - .0107 

In  general  the va lues  of C& and CQ, for the triangular-wing 
model of aspect   ra t io  2.31 a re   i n  good agreement with values obtained 
for the triangular wings of aspect   ra t io  2. It is believed that the 
value of C& from reference 5 would- haye been..in. better -a=eement bad " . 

t h e  elevon nose gap been unsealed. The somewhat larger  value of C% 
from reference 4 i s  a t  leas t   par t ly   a t t r ibu ted  t e b e  usual ef fec t  of a I -  

trailing-edge  angle on- C& (reference la). Although, as noted, dif- 
ferences do exist in the   t es t  models and test conditions, i t  is believed 
that  the  results  considered  are a good indlcation of the hinge-moment- 
parameter  values that might be expected at lox spee.d on similar t r i a n -  
gulq wings having similar  trailing-edge  control.surfaces. 

. .  F 

The hinge-moment parmeter  obtained for the present  triangular- 
wing  model might a lso be  compared with similar parameters.obtained from 
t e s t s  of f l aps  on low-aspectLratio' unswept wings such as those- reported 
i n  references 11 and l2. The unswept w i n g s  had &I NACA 6bi010 a i r f o i l  
section,  trailing-edge  angle of ll", and a r a t i o  of f l ap  area t o  w i n g  
area of  0.279. The present .triangula;r-wing model had a trailing-edge 
angle of 8O, and the  area of the  elevon ( i f  as&ed t o  extend  over t h e  
e n t i r e   t r a i l i n g  edge of the wing for   the complete-model configuration) 
was equal to 21 percent of the wing area. The conrparlson I s  shown in 

. " ,  . " .-  -. - 
. .  

t h e  fo~llowing 
model are  for  

tab le ,   in  which the values given for the triangular-wing 
the  horn-off  elevon  configuration: . . . .  

I 



NACA RM L5OG17 9 
I .  c . 

t 

- 5  

.' - 

1 

Tri"Wfng 
Unswept-wing  model 

model, A = 2.31 
A = 2  A = 3  

cha 

c% 

-0.0084 

- . o m  - 0073 - .0108 

-0.0010 -0.0002 

Both C b  and C& are more negative f o r  the triangular-wing model; 
however, the most significant  difference i s  fn the hinge-moment parame- 
t e r  C&. *It should be noted that the models a re  comparable on ly  w i t h  
respect t o  aspect r a t i o  since  differences =>st f.n trailing-edge  angle, 
ratio of f lap  area t o  wing area, and flap-chord  distribution. The high 
negative values of C& f o r  the  triangular-wing model are  considered 
t o  result f r o m  the   fac t  that the f l ap  chord i s  equal t o  or  nearly  equal 
to  the wing chord in the   v ic in i ty  of the w i n g  t i p s .  The usual e f fec t s  
of a high r a t i o  of f l a p  chord t o  wing chord in-increasfng  the  values of 
the hinge-moment parameters i s  made more important in   t he  case of a 
triangular-ving model because of the character of the  span-load distri- 
bution. The results of pressure-dfstribution  investigations  (refer- 
ences 5 and 13) on triangular-w€ng models o f  aspect   ra t io  2 show that 
at small angles of a t tack  the  l i f t -curve slope of sections  near  the wing 
t i p s  may be considerably  higher  than the average l i f t -curve  s lope  for  
the wing. ,The load  carried by elevons  having  chords equal t o  o r  nearly 
equal t o  the wing chord  near the t ip   t he re fo re  would be  expected t o  be 
high. 

The pressure-distribution  results of  references 5 and 13 also show 
a rearward sh i f t  in the centers of pressure  over  the  outboard  sections 
of the wing at moderate angles of attack. This appears t o  be ref lected 
in  the  sl ightly  increased hinge-moment slopes shown f o r  all elevon con- 
f igurat ions of the present model at angles of a t tack  greater  than 
about 12'. 

Effect of Reynolds number arid t r ans i t i on   s t r ip s . -  The e f f ec t s  of 
Reynolds number and t r ans i t i on   s t r ip s  are shown in figures.13 and 14, 
respectively,  for  the complete model, with the horn-on elevon  configura- 
t ion.  In  general,  varying  the Reynolds nmiber had ra ther  small ef fec ts  
on the  variation of l i f t  and hinge-moment coefficient  with  either angle 
of at tack o r  elevon  deflection for the l imited range of Reynolds numbers 
investigated. However, .the e f f ec t s  which did appear were the most 
noticeable for the hinge-moment parameter C& and the  effectiveness 
parameters CLS and Cms, where an increase  in  Reynolds number resulted 
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i n  a decrease i n  the absolute magnitude of the  parameters Ck, C b ,  
and Cms as shown i n   t a b l e  11:. ' . 

t 

. . . . . . . . . .  . .  1 , -  

Fixing t r ans i t i on   s t r ip s   t o   t he  wing leading  edges  resulted  in a 
more l inear   var ia t ion of hinge-moment coefgicient  with angle of a t tack 
for  the  range between u = -4' and a = 8 and the  elimination of the '  
sl ight  decrease  in C& occurring at about a = 5' with  the  transit ion " 

s t r i p s  o f f ,  However,  when the  decrease d id  occur at about a = 9 O ,  it 
was of greater magnitude. Beyond a = 12' the  varfation of hinge- 
moment coefficient  with  angle of attack was the wae. Transi t ion  s t r ips  
reduced the absolute  value of the  effectiveness  parameters C L ~  and C a  
but had no appreciable  effect an the hinge-moment parameter C% as 
shown i n  table  11. 

. .  . 

, .  - . .  . .  

Effect of elevon  nose seal.- The ef fec t  of sealing the d l  g&p at 
the nose of the eleiron is shown in figure 15 for the complete model with 
the  tip-off  elevon  configuration.  Sealing  the  elevon nose gap decreased 
the  slope of the hinge-moment coefficient wainst angle-of-attack  curve 
i n  the  range between a = -4O and a = 5O and caused a small reduction 
i n  the magnitude of the hinge mments  throughout the angle-of-attack 
range.  There was a sfmilar  reduction Fn elope of the curve of hinge- 
moment-coefficient  against  elevon  deflection. Similar e f f ec t s  of mse- 
gap seal have been  noted in  previous  investigations  (fig.  14 of refer- 
ence 10) when the trafling-edge  angle i s  small: There w a s  l i t t l e   e f f e c t  
of nose-gap seal on the  effectiveness  parameters C L ~  and Cms as 
shown in   t ab l e  11. 

a .  

. '. 
Lateral   Characterist ics 

Basic data.- The results  obtained for  the w i n g  alone-are  presented 
Fn figure 16 and show the .var ia t ion  of the lateral-force,  yawing-moment, 
rolling-moment, and hinge-moment coefficients  with angle of a t tack  for  
various  asymmetrical  elevon  deflections, . For the . lateral  control  charac- 
t e r i s t i c s ,  elevon  deflection is regarded as the difference between the 
angles of the right and l e f t  elevons (SeR - Getrim). These curves show 
that the  elevon  effectiveness in producing rol l ing moment"-generally 
became l e s s  u i th  angle of attack. The i n i t i a l  breaks in   the   ro l l ing-  
moment curves  correspond t o  breaks i n  the pitching-moment curves and are 
probably  caused by t ip-stal l ing.  Deflecting.the.&levons io produce a 
ro l l ing  moment. r e su l t s   i n  an adverse yawing moment  due t o  a change i n  
induced drag on the two w i n g  panels. "he adverse yawing moment increases 
with  angle of a t tack and i s  generally  largest   for positive elevon  deflec- 
t ions.  The variation of lateral-force  coefficient  with  elevon deflection 
is small and posit ive f o r  d l  angles of attack  below-the stall. The 

" . " 

- -. - u .. 

r 
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* 
t variat ion of hinge-mament coefficient  with angle of a t tack  is  not 

changed appreciably  by  asymmetrical  elevon  deflections and the verria- 
t ion  shows the same character is t ics   noted  for  symmetrical  elevon  deflec- 
t ions  in  the  discussion on longitudinalrcharacteristics. 

, -  

A comparison  of  wing-alone r e s u l t s  with complete-model r e su l t s  
( f igs .  16 and 17) shows that adding the fuselage  to  the w i n g  resulted 
in a slight increase in rolling-moment effect iveness   for  angles of 
a t tack  less than  those  corresponding  to the breaks i n  the pitch" 
mment  and hinge-moment curves, after which the rolling-moment effec- 
tiveness f e l l  off  more rap id ly   for  the camplete-model. The increase  in  
effectiveness at low angles of a t tack  is  a t  least partly a t t r ibu ted   t o  
the tendency f o r  the fuse lage   to   ac t  as -an end p la te  a t  the Inboard  end 
of the  elevon and, therefore,   to increase the loading due to elevon 
def lec t ion   in  this region. Adding the fuselage  and  vertical t a i l  t o  
the wing caused a .sonsiderable  increase in the lateral force due t o  
elevon  deflection and reduced the adverse yawing moment. The Fncreased 
lateral force  acting on the ver t i ca l  t a i l  produced favorable yawing 
moments up t o  about a = bo and generally  reduced the adverse y a w i n g  
mment f o r  angles of attack below the stall. 

Effect of elevon  plan-form  modifications.- The e f f ec t  of elevon 
plan-form  modifications on the complete model ( 6 e t r a  = Oo) is shown 
in figure 21. The variation. of rolling-moment coefficient kith elevon 
deflection i s  approximately linear f o r  all three elevon  configurations 
f o r  the range of elevon  deflections  investigated. Removing either the 

ness and changed the yawing moment due t o  elevon  deflection. The curves 
of hinge-mament coefficient against elevon  deflection show effects of 
elevon  plan-form changes similar to  those  noted  for symmetrfcal deflec- 
t ions; however, there were some changes in the hinge-moment parame- 
ter CM ( table  11). 

,-+ horn  balance  or the tip  generally  reduced the rolling-moment effect ive-  

- *  

The roll--moment coefficfent  against  angle-of-attack  curves are 
generally smoother f o r  the t ip   o f f   t han  either the horn-on o r  horn-off 
elevon  configurations as shown by a comparison of f igures  17, 18, and 19. 

Effect of elevon-trim  deflection.- The ef fec t  of elevon  longitudinal 
trim deflection -loo) a t  a = Oo on the lateral control 
character is t ics  o l e t e  model with the horn-on elevon  configura- 
t i o n  is shown in figure 22. C h a n g i n g  the trim deflect ion  to  -10' 

- . decreased the rolling-moment effectiveness and wa6 the  most noticeable 
for  negative  elevon  deflections (6.. - Getrim) greater than -5'. The 
decrease i n  roll--moment effectiveness is  caused  by p a r t i a l   s t a l l i n g  
of the right elevon at the large  negative  deflections  occurring with a 
trFm deflection of -loo. The variat ion of la teral-force  coeff ic ient  . w i t h  e-levon deflection  decreases and the var ia t ion of yawing-moment 
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coefficient  with  elevon  deflection  increases, becoming  more favorable 
fo r  a trim deflection of -loo. The slope of the curve of hinge-moment 
coefficient  against  elevon  deflection i s  l e s s   f o r  a trim deflection 
of -10' than  for .a trim deflecthon  of Oo i n   t he  elevon  deflection 
(6eR - 6et-h)- range from -5' t o  10' but shows a rapid  increase  at  
larger  deflections.  

For a trim deflection of -10' the rolling-inoment effectiveness 
increases w i t h  angle of a t tack (at low and moderate angles of a t tack)  
for  large  negative  elevon  deflection as shown in   f igure  20. -This i s  as 
expected  since at   the  larger  negative  elevon  deflection where the  r ight 
elevon i s  par t ia l ly   s ta l led ,  any decrease i n  loading, such as would 
occur  with an increase  in  angle of attack,  increases  the rolling-moment 
effectiveness. 

A comparison of f igures  17 and 20 a l s o  shows that favorable y a w i n  
moments ere  produced up t o  Eibdut a = 8' for  a trim deflection of -10 
as compared with a = 4' for a trim deflection of 0'. 

8 

Although the e f fec t  of  elevon trim deflection on the   l a te ra l   cont ro l  
character is t ics  of the complete model with the horn-on elevon configura- 
t ion  have been compared at a = 0' i n  figure 22, it should. be noted 
that for  the  present  center-of-gravity  location (25 percent of the mean 
aerodynamic chord) the model trims a t  821 angle of a t tack of approxi- 
mately 18' with  6e = -loo as shown In f igure 5 .  Wikh the model a t   a n  
angle af   a t tack of approximately 18O ( w i t h  6e = -10 ) the  elevon 
rolling-moment effectiveness  does  not drop off as rapidly for negative 
elevon  deflectfons (6eR - 6 q r 4  greater than -5 as  it d id  a t  a = 0' 
( f i g .  20) a s  mentioned previously. However, f i w e  20 also shows that 
the yawing moment i s  adverse  for all elevon  deflections  investigated 
a t  a = 18'. 

CONCLUSIONS 

Results  of a low-speed investigation of the longitudinal and 
la te ra l   cont ro l   charac te r i s t ics  of a triangular-wing  model'with constant- 
chord elevons indicate  the f ollaring  conclusfons : - 

1. The values of the hinge-moment parameters were of somewhat 
greater magnitude than would be expected on unswept w i n g s  of comparable 
aspect  ratio.  

2. Modifications to   the  plan form of the.contro1  surface near the 
w i n g  t i p s  had a ra the r   c r i t i ca l   e f f ec t  on the hinge-moment parameters 
b u t  had a smaller e f fec t  on the  control  effectiveness. t 
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c 
3 .  Addition of the fuselage to the wing tended t o  Increase both . -  the  effectiveness  and  the  hinge moments of the  elevons. 

4. The elevon hinge-mciment parameters were approximate_ly the same 
whether the elevons were deflected symmetrically o r  asymmetrically. 

5 .  The e f fec t s  of sealing the elevon nose gap, adding t r ans i t i on  
strips at the wing leading edge, and varying  the Reynolds  number-over a 
1im.ited range were found t o  be rather small. 

Langley Aeroqautical  Laboratory 
National Advisory Committee for Aeronautics 

Langley Air Force 'Ba.se, Va. 



14 

REFERENCES 

NACA FM ~ 5 0 ~ 1 7  

L 

1. Jones;  Robert T.:  Properties of Low-Aspec€-Ratio Pointed Wings a t  
Speeds below an8-above the Speed of Sound. NACA Rep. 835, 1946. 

2. Tucker, Warren A. : Charact&-istics af T h i n -  Triangular. Wings with 
Constant-Chord N l - S p a  Control  Surfaces at Supersonic  Speeds. 
NACA TN 1601, 1948. 

3. Tucker, Warren A., and Nelson, Robert L-. : CharacteristiEs of Thin 
Triangular Wings w i t h  Constant-Chord Partial-Span Control Surfaces 
at Supersonic  Speeds. NACA TN 1660, 1948. 

!.-&; Stephenson, Jack D,, and &neugo, Arthur R. : Tests of a Triangular, 
Wing of Aspect Ratio 2 Fn the Ames 12-Foot Pressure Wfnd Tunnel. 
I1 - The Effectivknesi and- B-inge-Mom&nts -0f.a- conitiit-chord main" 
Flap. NACA RM A8EO3, 1948. 

. .  ". - 

5 .  Graham, David: Chordwise and Spanwise  Loadings Measured at Low 
. . .  
" 

- 
Speeds on a Lakge. Triangular Wing Having an Aspect Ratio of 2 and 
a Thin, Subsonic-Type Airfoil  Section, NACA RM A W A O h ,  1950. 

. .  . 
'1.6. k h i t t l e ,  Edward F., Jr., and h v e l l ,  J. C a l v i n :  Full-Scale 

Investigation of an Equilateral  Triangular W i n g  Raving 10-Percent- 
Thick Biconvex Airfoil  Sections. NACA RM L8GO5, 1948. 

7. Anderson, A d r i e n  E.: An Investigation at Low Speed of a Large-Scale 
Triangular Wing of Aspect Ratio Two,- I. Characteristics of a Wing 
Having a Double-Wedge Airfoil Section with M a x i m u m  Thickness at 
20-Percent Chord. NACA RM ~ 7 ~ 0 6 ,  1947. 

8. Jaquet, Byron M., and Brewer; Jack D.: Effects of Various Outboard 
and Central  Fins on Low-Speed Stat ic-Stabi l i ty  and Rolling 
Characteristics of a Trianguljlr-Wing Model. NACA RM -&gEl8, 1949. 

9 .  Herriot, John G. : Blockage Corrections for. Three-Dhensional-Flow 
Closed-Throat Wind Tunnel, with  Consideration of the Effect  of 
Compressibility. NACA RM A7B28, 1947. 

10. Langley Research Staff (Compiled by Thomas A. Toll): Summary of 
Lateral-Cantrol  Research. NACA Rep. 868, 1947. 

11. Dods; Jules B., Jr.: Wind-Tunnel Investigation of Horizontal Tails. 
I - Unswept and 35O Swept-Back Plan Forms of Aspect Ra t io  3. NACA 
RM A7K24, 1948. 

.- 

. t '  



NACA RM ~50~17 15 

12. Dods, Jules  B-. , Jr:i Whd-Tunnel Investigation of Horizontal T a i l s .  . -  IV - Unswept Plan Form of Aspect k t i o  2 . a n d  a Two-Dhensional 
Model. NACA RM A8J21, 1948. 

13. Anderson, Adrien E.: Chordwise and Spanwise Loadfngs Measured at 
Low Speed on Large Triangular Wings. NACA FM AgB17, 1949. 



16 

TABLE I . . MODEL C33OMETRIC DATA 
. .  

w i n g :  
Span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.04 
Area. sq ft . . . . . . . . . . . . . . . . . . . . . . . . .  4.0 

Mean aerodynamic  chord. ft . . . . . . . . . . . . . . . . . . .  1.76 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . .  2.31 
Sweepback (leading  edge). deg . . . . . . . . . . . . . . . .  60 
Sweepback (quarter-chord  line). deg . . . . . . . . . . . . . .  52.2 

Area exposed outside of fuselage. sg f t  . . . . . . . . . . .  2.47 

Fu se lage : 
Length. ft . . . . . . . . . . . . . . . . . . . . . . . . . .  4.68 
Maximum diameter. ft . . . .  ............................. *67 
Fineness ratio . . . . . . . . . . . . . . . . . . . . . . . .  7.02 

Elevon: 
Area (total with horn on). sq f t  . . . . . . . . . . . . . . .  

configurations). ft . . . . . . . . . . . . . . . . . . . . .  288 

Span (horn-on and,horn .off elevon configuration). ft . . . . .  1.188 
span (tip-off elevon configuration). ft . . . . . . . . . . . .  923 
Nose gap. percent of elevon  chord . . . . . . . . . . . . . . .  .87 
Bailing-edge angle. deg . . . . . . . . . . . . . . . . . . .  8.0 

Root-mean-square chord (tip-off elevon  configuration). f t  . . .  296 

Vertical  tail: 
Area. sq ft . . . . . . . . . . . . . . . . . . . . . . . . .  

‘ .. 

... 
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Figure 1.- System of atability axes. Poeitive forces, moments, and 
angles are indicated. 
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Figure 2.- Sketch o f  the ccauplete model and elevon configurntiom 
investigated. ( A U  dimensions i n  inches .) 
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Figure 3 . -  Complete  model with  the horn-on elevon configuration mounted 
i n  Langley s tabi l l ty  t-el. 
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Figure 5.- Longitudinal control characteristics of complete model. Elevon 
with horn on; R = 2.06 x 106; transition strips off; elevon nose gap 
open - 
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Figure 6.- Longitudinal control chamcteristlcs of complete model. Elevon 
wia h m  off; R = 2.06 X lo6; transition strips off; elevon nose gap 
open. 



Figure 7.- Longitudinal control characteristics'of complete model: Elevon 
with tip of f ;  R = 2.06 x 106; transition strips of f ;  elevon nose gap 
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Figure 8.- Longitudinal  control  characteristics of complete model. Elevon 
with horn on; R = 2.06 X 106; trausition strips on; elevon nose gap . 
open. 
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Figure 9 .- Longitudinal cantro characteristics of complete m o d e l .  aevan 
with horn an; R = 1.62 X I&; transition strlps off; e l e m  nose gap 
open. 
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F'igure 11.- Longitudhal cantml characteristics of complete  model. 
EXevon with t i p  off; R = 2.06 x 106; transition strips of f ;  elevon 
nose gap sealed. 
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( 8 )  a d  ch '&Otted (b) CL and Ch plotted 
against a. 6, = Oo. againat Be. a = 0 0 

' Figure 13. - Effect of Reynolds number on longitudinal control character- 
fs t ice  of complete model. Elevon with horn o n ;  tranaitlm s t r i p s  
off; elevon nose gap .open. 
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AnHe o f  attmk, a; Elem deflechan, S, 

(a) CL and ch plotted (b) CL and ch platted 
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I against a. Se = 0’. against 6,. a = 0 0 . 
, Figure 15.- Hfec t  of elevon nose gap on longi tudinal  control c r ac t e r -  

i s t i c s  of complete model. Elevon with t i p  off; R = 2.06 x 10 2 ; 
t r a n s i t i m  strips o f f .  
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Figure 16.- Lateral contr 1 c b p a c t e r l s t i c s  o f  wing alone. Elevon with 
horn on; R = 2.06 x l&; t rans i t ion  strips off;  elevon no6e gap o p n ;  

i %rim = oo. 
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Figure 17.- Lateral ccmtrol c racteristics o f  complete model. Elevon 
with horn on; R a 2.06 X LO 2 ; transition strips off; elevon now gap 
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Figure 18.- Lateral control characteristics of complete model. Elevon 
with horn off; R = 2.06 x lo6; transition etrips off; elevon nose 
gap open; Getrim = oo. 
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Figure 21.- Effect of elevon plan-form modifications on lateral cont ro l  
characteristics of complete m o d e l .  R = 2.06 x 106; transition strips 
off; elevon no8e gap open; Getrim = 00; a = 00. 
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(a) Cy, h, and c z  plotted (a) ch plotted against 
W i n s t  6eR - kt-. %R - 'atrim' 

Figure 22.- Effect of elevon trjm deflection on latexal'control  character- 
is t lce  o f  complete model. Elevon w i t h  horn on; R = 2.06 x 106; transi- 
t ion  atrips off ;  elwon nose gap open; a = oO. 


